Abstract. Numerical experiments in this study show that the tidal wind may have strong impacts on the stability of the gravity wave and therefore significantly affects the breaking of the gravity wave. This enhances the local dynamical cooling and turbulence heating, and produces descending heating/cooling structures, which are similar to recent lidar observations. The propagating phase of such structures is dependent on the descending phase of the tidal wave and the gravity wave breaking level. The maximum heating corresponds closely with a negative or positive shear of the accelerated flow, depending on the gravity wave propagation direction.
1-3 km/hr, which corresponds well with the phase propagation of the diurnal tide. However, the temperature enhancements are much larger than the Global Scale Wave Model (GSWM) diurnal tidal predictions, which leads to the conjecture that gravity wave-tidal interaction might play an important role in the layer formation [Meriwether et al., 1998 ]. In this work, a two dimensional nonlinear numerical model is employed to study the propagation of a gravity wave in a diurnal tidal wind field and its local thermal and dynamical impacts on the tidal structure.
Numerical Model
The numerical model used in this study solves the two dimensional nonlinear N avier-Stokes equations in a non-rotational system: is the horizontal component (zonal or meridional) of the GSWM tidal wind profile; v = (u, w) is the gravity wave velocity field; g is gravity acceleration and k = (0, 1); Q is diabatic heating when applicable. The molecular viscosity coefficient v is assumed to be equal to the molecular diffusion coefficient. The eddy viscosity and diffusion coefficients, KM and KH respectively, are derived from the turbulence energy density and turbulence master length scale, which are calculated from the 2.5 level second-moment closure turbulence model [Mellor and Yamada, 1982; Yamada, 1983 ]. This turbulence model considers the diffusive and advective transport of turbulence as well as its production and decay. Molecular diffusion in the horizontal direction is also included in the equation, because when the flow becomes unstable, large wavenumber components may be generated in the $olov'eva [1992a, 1992b] is used in the mesopause region. GSWM migrating tidal forcing is attributable to the absorption of solar radiation throughout the atmosphere and is parameterized in GSWM [Hagan, 1996] . GSWM also accounts for the effects of ion drag, molecular and eddy viscosity and conductivity, radiative damping, and gravity wave drag on the diurnal tide. The reader is referred to [Hagan, 1996] and [ [Liu, 1996] and ].
In Experiment III, a linear critical level is not present for the westward propagating gravity wave with phase speed 33m•s. However, the gravity wave becomes unstable in the westward shear regions due to tidal wind and the resulting acceleration/heating/cooling structure is similar to those in Experiment II.
Conclusion
By comparing the results from the three numerical experiments discussed above, it is found that the tidal wind strongly modifies the gravity wave momentum flux, heat flux and the stability structure. As a result, the dissipating gravity wave changes the local wind and temperature. The coupling of the gravity wave and the diurnal tide affects the temperature structure differently for waves propagating into different directions, and can locally enhance the tidal temperature amplitude. In our simulation, the amplitude can be more than 20K. These temperature heatingScooling regions The simulation results suggest that the gravity wavetidal interactions might play a key role in the formation of mesosphere inversion layers and tidal wind and temperature variations. This study considers the gravity wave interaction with the diurnal tidal wind, but ignores the tidal temperature perturbation. Furthermore, the impacts of the local heatingScooling on the tidal temperature may vary with latitude due to the different phase relation between tidal wind and temperature. These issues will be addressed in our future studies.
